Fertilisation has the greatest impact on soil properties, and they in turn decide on the conversion and availability of fertilising compounds. The aim of the tests was to evaluate the influence of low-temperature (300 o C) conversion of pig manure and poultry litter on (i) K, Mg, and P contents in biochars and (ii) reduction of acidification, cation exchange capacity, and availability of K, Mg, and P in sandy soil after their application. The tests were conducted in laboratory conditions using 0.5%, 1%, and 2% addition of pig manure, poultry litter, or biochars. Thermal conversion of pig manure and poultry litter increased the content of total forms of K, Mg, and P in biochars and did not significantly increase the content of these elements extracted by water. The introduction of organic materials into the soil, in particular biochar, caused significant reduction in soil acidification and an increase in cation exchange capacity. The contents of available potassium and magnesium increased together with the increase in dose of pig manure-derived and poultry litter-derived biochars. No available forms of phosphorus were found in the soil into which lower (0.5% and 1%) doses of biochar were introduced. Only the highest (2%) dose of biochars and poultry litter caused the release of available P.
Introduction
The underlying aim of agriculture is to produce proper quality food. This effect can be achieved through balanced fertilisation, selection of plant varieties, and adequate agricultural engineering. Failure to adopt a well-thought-out application of fertilisers and organic waste materials for soil and plant fertilisation may entail a serious threat to the natural environment (purity of soil and water, and quality of plant yields) [1] [2] [3] . These threats may result mainly from losses of nutrients introduced into the soil, as well as their excessive accumulation in plant yields.
Although the application of animal fertilisers as nutrients for plants is a worldwide accepted practice, there is still a need to assess their potential influence on chemical properties of soil, including sorption properties and content of available forms of nutrients. Environmental concerns raised by the use of excessive doses of poultry litter or pig manure are mainly connected with their diverse and unstable chemical composition and level of mineralisation, which may result in different availability of nutrients for plats [4] [5] [6] [7] [8] . Therefore, more and more attention is paid to the proper processing of these materials into, for example, biochar, and then their adequate application.
Many scientists show great interest in biochar perceived as material that improves soil properties through the reduction of acidification, decrease of bulk density, enhancement of retention, and cation exchange capacity (CEC) of soil [9] [10] . Alternatively, the application of biochar into the soil may not produce any effect [11] . Hence, the biochar's effect in the soil depends on several factors: material used for the production of biochar, time and temperature of pyrolysis, and soil type [12] . Taking into account the thermal conversion of organic materials, such as poultry litter and pig manure, one should expect not only changes in their physical properties, but above all changes in their chemical composition. The introduction of biochars into the soil may initiate a series of mechanisms, including oxidation, decomposition, and carboxylation, which will significantly control its transformations [13] .
Changes in the chemical composition of biochars are related not only to the content of nutrients for plants, but also relationship between the total content of element and total content of available forms. Information on the content of available forms of macronutrients can substantially contribute to the correct dosing of biochars and minimise the risk of dispersion of element unused by plants in the environment. Undoubtedly, the application of biochar contributes to improved sorption properties of soil, and thus to the retention of nutrients, minimising their losses by leaching [1, 8, [12] [13] [14] [15] . The results from numerous tests have shown that biochars may increase the content of soil organic matter, and in particular extracted organic carbon [16] . In addition, they may increase the biomass of soil microorganisms and stimulate their enzymatic activity [12, 17] . In the longer term, the beneficial effects of biochar application in the soil decide on its fertility and productivity.
The effect of fertilisation on the quantity and quality of plant yields is strongly dependent on soil properties. Fertilisation has the greatest impact on soil properties, and they in turn decide on the conversion and availability of fertilising compounds. Therefore, the aim of the tests was to evaluate the influence of low-temperature (300ºC) conversion of pig manure and poultry litter on (i) K, Mg, and P contents in biochars, and the (ii) reduction of acidification, cation exchange capacity, and availability of K, Mg, and P in sandy soil after their application.
Material and Methods

Soil and Amendments
The tests were carried out on soil collected from the 0-0.2 m layer in southern Poland. The properties of the soil used in the tests are presented in Table 1 .
The process of thermal conversion of pig manure (PM) and poultry litter (PL) was carried out in laboratory conditions using a test stand for thermal conversion of biomass under a limited supply of air (1-2%) [18] . Temperature in the combustion chamber was 300±10ºC. The rate of heating the combustion chamber was 10ºC•min -1 . The pyrolysis time and temperature were established on the basis of our own preliminary examinations and results reported in literature [19] [20] [21] [22] [23] .
In order to identify the properties of the substances used in the tests -pig manure (PM), pig manure-derived biochar (PMB), poultry litter (PL), and poultry litterderived biochar (PLB) -the materials were ground in a laboratory mill (1 mm sieve mesh diameter), dried at 105°C for 12 hours [24] , and analysed. The pH of materials (material:water = 1:5) was electrochemically determined using a pH meter (pH -meter CP -505), electrical conductivity (material:water = 1:5) using a conductivity meter (conductivity/oxygen meter CCO -501) [25] , the total contents of total forms of nitrogen and carbon were determined using a CNS analyser (Vario MAX Cube manufactured by Elementar). Total potassium, magnesium, and phosphorus contents were determined after ashing the sample in a chamber furnace at 450°C for 12 hours and mineralising its residues in a mixture of concentrated nitric and perchloric acids (3:2) (v/v) [26] . After 24-hour extraction (at room temperature), the water-soluble forms of K, Mg, and P (material:water = 1:5) were also determined for organic materials [21] . The concentration of analysed elements in the resulting solutions and extracts was determined by inductively coupled plasma optical emission spectroscopy (ICP-OES, Perkin Elmer Optima 7300 DV). Specific surface area (S BET ) of organic materials, as well as pore volume and diameter, were determined using a multifunction accelerated surface area and porosimetry analyser ASAP 2010 manufactured by Micromeritics (USA). Specific surface area (S BET ) was determined by physical nitrogen adsorption at liquid nitrogen temperature (77°K) using BrunauerEmmet-Teller equation. Before measuring specific surface area (S BET ), test samples were subjected to desorption at 105ºC under vacuum conditions and washed with pure helium. Sample degassing time was 16 hours. The status of surface degassing was controlled in an automatic manner [27] .
Soil pH, CEC, and BS Incubation tests were conducted on 100 g analytical samples of soil with 0.5%, 1%, and 2% of abovementioned organic materials: PM, PMB, PL, PLB. Moisture content in the sample was maintained at 60% of soil water capacity. The control sample was stored with no organic materials added. The incubation of soil samples was carried out for 150 days at 25ºC±0.10. After incubation, the following was determined in the samples: soil pH -by potentiometric method -in the suspensions of soil and water, and soil and 1 M solution of KCl (soil:solution = 1:2.5). The sum of exchangeable alkaline cations (EAC) and hydrolytic acidity (Hh) were determined by Kappen method [28] . Cation exchange capacity (CEC) and base saturation (BS) percentage were then calculated as follows: Assimilable P, K, and Mg Contents in Soil
The available forms of P, K, and Mg were extracted from soil with 0.01 M solution of CaCl 2 (soil:solution = 1:10) for 2 hours [29] .
The analysed elements in the resulting extracts were determined by inductively coupled plasma optical emission spectroscopy (ICP-OES, Perkin Elmer Optima 7300 DV).
Statistical Analysis
The experiment was performed in three replicates. The obtained data were compiled with the use of STATISTICA 12 (StatSoft Inc.). The mean values of analysed properties were compared using Tukey's multiple comparison test at p≤0.05. Variations in the properties were determined by calculating the standard deviation (±SD).
Results and Discussion
Characteristics of Organic Materials and Soil
For pig manure (PM) and poultry litter (PL), the observed values of pH and electrical conductivity (EC) were lower compared to biochars derived from these materials (BPM, BPL) ( Table 2 ). In pig manure-derived biochar (BPM) and poultry litter-derived biochar (BPL), the reported N, C, K, P, and Mg contents were higher in comparison with materials not subjected to pyrolysis. The determined specific surface area, pore diameter, and volume in biochars (BPM, BPL) were higher than in materials not subjected to pyrolysis.
The soil used in the tests was sandy and acidic, whose Hh and CEC values were 21.6 mmol(+)•kg -1 and 79.1 mmol(+)•kg -1 , respectively ( Table 1 ). The contents of available forms of potassium and magnesium were 11.1 mg K•kg -1 and 45.8 mg Mg•kg -1 , respectively. No available forms of phosphorus were determined in the soil before the tests (Table 1) .
K, Mg, and P Contents in Pig Manure, Poultry Litter, and Biochars
The content of total forms of potassium in pig manure (PM) was lower than in poultry litter (PL) ( Table 3 ). The content of that form of K in biochars was significantly higher. In the case of BPM, the increase in K content in relation to PM was almost 100%, and in the case of PL and BPL, over 64%. Thermal conversion of PM and PL resulted in the increased content of water-extracted forms of K. The content of total forms of magnesium in analysed materials was higher than determined potassium contents ( Table 3 ). The content of potassium extracted with water from organic materials turned out to be relatively lower. As a result of thermal conversion of organic materials, the content of water-extracted Mg forms has decreased. The share of water-extracted forms of Mg in total magnesium content was larger for both pig manure (PM) and pig manure-derived biochar (BPM).
Thermal conversion of both materials (PM, PL) caused an increase in the content of total forms of P (Table 3) . The observed number of total P forms in poultry litter (PL) and poultry litter-derived biochar (BPL) was higher compared to pig manure (PM) and pig manure-derived biochar (BPM). As a result of thermal conversion, the observed contents of water-extracted forms of P in both biochars (BPM, BPL) were lower in comparison with non-converted materials.
According to Gaskin et al. [30] , mineral composition of biochars is contingent upon the type of substrate used in the process. The above authors confirm an increase in the contents of elements such as potassium and magnesium, while at the same time showing that the use of higher temperature results in an increased mineral content in biochar, which is due to the loss of organic substances. As stated by Wang et al. [31] , thermal conversion of poultry litter gives more stable forms of phosphorus, which may result in a slower release of P into the soil solution. These observations are reflected in the results of our own studies in which thermal conversion of pig manure and poultry litter did not cause an increase in the contents of water-extracted P forms. The temperature used in the tests was 300ºC, which is regarded by Song and Guo [32] as appropriate in the light of using biochar for agricultural purposes. As shown above, the process of thermal conversion of organic materials has generally decreased the contents of water-extracted forms of analysed elements compared to their total contents. Soil pH, Hydrolytic Acidity (Hh), Sum of Exchangeable Alkaline Cations (EAC), Cation Exchange Capacity (CEC), and Base Saturation (BS) after the Organic Material Applications Soil pH is the primary factor influencing the mobility and assimilability of nutrients; therefore, the biochar Table 2 . Selected properties of organic materials. application in soil may indirectly affect these processes by changing soil pH [33] . The pH values determined in the suspensions of soil and water, and soil and KCl solution depended on the type and amount of the material used (Figs 1-2) . The application of organic materials resulted in a significant reduction in soil acidification. It has been observed that the pH values determined for both soil and water suspension, and suspension made of soil and KCl solution increased together with an increased dose of organic material. Comparing the effect of pig manure (PM) and poultry litter (PL) with biochars (BPM, BPL) derived from these materials, biochars were found to have a significantly better deacidifying effect. The best deacidifying effect was achieved after adding 1% and 2% of biochar. The obtained results of our own studies confirm the findings of Yuan et al. [34] , according to which alkaline substances are easier released from biochars than from materials not subjected to thermal conversion. The biochar chemical properties undergo substantial changes as a result of thermal conversion. The organic compounds decrease in favour of mineral connections, which exhibit a greater potential for soil deacidification [34] . Furthermore, there is an increase in the contents of calcium and magnesium carbonates and cations, which are easily converted into the soil solution [35] . Yuan et al. [34] and Masud et al. [36] also presented evidence that soil pH increases by 0.4 to 1.2 units in sandy and clay soils after adding biochar. According to Cheng et al. [37] , the biochar application does not always favour the process of soil deacidification. The application of biochar to soils may contribute to the release of acidifying substances through chemical and microbiological processes. The probability of such a situation in a short time (four months after the application) is confirmed by the result obtained by Liu and Zhang [38] .
The Hh values determined in the soil depended on the type and amount of the organic material used ( Table 4 ). The application of biochars (BPM, BPL) resulted in a significant reduction in the value of soil hydrolytic acidity. It has been observed that the Hh values decreased with an increased dose of organic material. Comparing the Hh value in soil with the highest dose of organic materials (2%) with the value determined in control soil, the reduced hydrolytic acidity values were found to be 39.6% for pig manure (PM) and 58.1% for pig manurederived biochar (BPM), and 62.3% for poultry litter (PL) and 75.3% for poultry litter-derived biochar (BPL). The reduced soil hydrolytic acidity after biochar application was also noted by Masud et al. [36] . The above authors justified this phenomenon with the formation of surface complexes of Al 3+ with functional groups present on the biochar surface.
The sum of exchangeable alkaline cations (EAC) was higher in each treatment with organic material applied when compared to the control treatment ( Table 4 ). The introduction of biochar into the soil caused a significantly higher increase in the EAC value compared to the same dose of non-converted organic material. It should also be noted that poultry litter (PL) and poultry litter-derived biochar (BPL) were more effective in increasing the sum of exchangeable alkaline cations than pig manure (PM) and pig manure-derived biochar (BPM).
The highest increase in CEC was found after the application of both biochars (BPM, BPL) rather than pig manure (PM) and poultry litter (PL). It has been noted that the increase in the CEC value was related to the amount of organic material added. As stated by Glaser et al. [39] , the proportionality of CEC increase to the amount of biochar introduced into the soil is due to the increased number of alkaline cations in the soil solution. This enters rapidly to the equilibrium with the adsorption surface of the colloids by electrostatic forces. On the other hand, Yuan et al. [34] believed that the cause of a substantial increase in CEC after the introduction of biochar into the soil was the presence of negatively charged surface functional groups of the material. The quoted authors showed that the CEC values of biochar itself are 10 to 20 times higher than the soil CEC value. In the course of their incubation tests, Yuan et al. [34] also reported that the CEC value of soil with introduced 1-2% of biochar increased considerably. A similar theory was presented in the study by Wang et al. [40] . The authors demonstrated that biochar added to acidic soil contributes to a significant increase in exchangeable alkaline cations and reduction in exchangeable acidity due to the process of decarboxylation and bonding of H + ions with biochar functional groups.
Regardless of the material used, an increase in base saturation (BS) was observed in each treatment ( Table 4) . As in the case of EAC and CEC, higher values of the parameter were noted at higher doses of organic materials. Comparing the effect of pig manure (PM) with the one of poultry litter (PL), the poultry litter application proved to induce higher BS values. A similar relation was found for the application of pig manure-derived and poultry litter-derived biochars. Da Silva Mendes et al. [41] also showed similar values of base saturation to those obtained in this study (80%), after adding 1-2% of poultry litter-derived biochar.
Many authors have confirmed the beneficial effect of biochar on the soil cation exchange capacity value [14, 34, 42] . As emphasised by Brodowski et al. [43] and Cheng et al. [37] , this parameter plays a crucial role in the retention of water and nutrients for plants. This beneficial effect of biochar on the soil cation exchange capacity can be attributed to its physical properties, and in particular to its porous structure and specific surface area [9, 44] . In turn, Lehmann [45] stated that biochars produced at a temperature below 400°C, depending on the materials and production conditions, can have low CEC values and, consequently, limited effect on the improvement of soil quality. However, the author emphasised that despite the low CEC values, biochar undergoes an aging process in the soil, which in turn causes an increase in that parameter.
Available K, Mg, and P in Soil after Organic Material Applications
The content of available forms of potassium was significantly higher in the soil of all treatments with applied organic materials compared to assimilable K content determined in the control soil ( Table 5 ). The addition of both pig manure (PM) and poultry litter (PL), regardless of their doses, resulted in a smaller increase in the content of available forms of potassium than the addition of pig manure-derived and poultry litter-derived biochars (BPM, BPL). Comparing the impact of materials not subjected to thermal conversion (PM, PL) with those thermally converted (BPM, BPL) it is concluded that the addition of pig manure-derived biochar (BPM) caused an increase in available K content. For 0.5%, 1%, and 2% doses, the increase was 30%, 37% and 40%, respectively. In the case of the addition of poultry litter-derived biochar (BPL), the calculated increase was lower compared to Each value represents the mean of three replicates ± standard deviation. The different letters within a column indicate a significant difference at p≤0.05 according to Tukey's multiple range tests PM -pig manure, BPM -pig manure -derived biochar, PL -poultry litter, BPL -poultry litter -derived biochar converted poultry litter (PL), and amounted to 9%, 22%, and 34% respectively. The contents of available forms of magnesium and potassium in the soil have substantially increased after the organic material applications (from 57% to 225%) compared to the contents determined in the control soil ( Table 5 ). The increase in available magnesium contents was proportional to the amount of organic material introduced. In general, larger increases in available Mg content were recorded after applying both biochars (BPM, BPL) rather than pig manure (PM) and poultry litter (PL).
Available forms of phosphorus were found neither in the soil before the tests, nor in most treatments used in the experiment (Table 5) . Only a 2% dose of pig manurederived biochar (BPM) and poultry litter (PL), as well as poultry litter-derived biochar (BPL) caused the release of available forms of P.
The studies conducted by Larid et al. [14] have found an increase in the contents of available forms of phosphorus and potassium, which was contingent upon the amount of biochar added to the soil. According to the quoted authors, the application of biochar into the soil had no impact on the content of available forms of magnesium. The studies conducted by Park et al. [46] , Luo et al. [47] , and Sigua et al. [48] discovered that the application of biochar into the soil resulted in a distinct increase of the potassium, phosphorus, and magnesium contents in the soil. According to the results of our own tests, the available potassium and magnesium contents showed an increase with increased doses of both pig manure-derived and poultry litter-derived biochars. Most likely, this was due to a large load of these elements introduced to the soil with biochar. Our own studies confirmed no available forms of phosphorus in the soil into which lower (0.5% and 1%) doses of biochars were introduced. Only the highest (2%) biochar dose caused the release of available P. This situation might be due to a very strong chemical adsorption of phosphates. It should be noted that soil pH values increased along with the increased biochar dose, which effectively weakened the chemical processes causing the release of P. The studies conducted by Parvage et al. [49] have shown that the highest concentration of water-soluble P was obtained with 1% of biochar added to the soil. In our own studies, the content of available forms of P was determined in treatments to which the highest dose (2%) of biochar was added. The studies by Pavage et al. [49] have found that higher doses of biochar increase soil pH, which can lead to a reduction of available forms of the element. According to the quoted authors, the reason for this phenomenon lies in reactions of P with calcium and magnesium ions, which can be released from biochar. On the other hand, Zhai et al. [50] explained it by the increase in the content of assimilable phosphorus after adding higher doses of biochar.
Conclusions
Thermal conversion of pig manure and poultry litter increased the content of total forms of K, Mg, n.d. -not determined PM -pig manure, BPM -pig manure -derived biochar, PL -poultry litter, BPL -poultry litter -derived biochar and P in biochars and decreased the share of these elements extracted by water in the total content. The introduction of organic materials, in particular biochar, into the soil caused significant reduction in soil acidification and an increase in cation exchange capacity. The contents of available potassium and magnesium increased together with the increase in dose of pig manure-derived and poultry litter-derived biochars.
No available forms of phosphorus were found in the soil into which lower (0.5% and 1%) doses of biochar were introduced. Only the highest (2%) dose of biochars and poultry litter caused the release of available P.
